Purpose Our aim was to compare the effect of internal vs external fixation for unstable distal radius fractures regarding postoperative complications, clinical results and radiological outcomes. Methods We selected PubMed; Cochrane Library; EMBASE; BIOSIS; Ovid and the relevant English orthopaedic journals and pooled data from ten eligible randomised controlled trials containing 738 patients to conduct a subgroup analysis according to different periods of followup. Our aim was to summarise the best available evidence. Results Results showed that compared with external fixation, internal fixation led to significantly fewer total surgical complications [95% confidence interval (CI) 0.39-0.81, P=0.002] and reduced the incidence of pin-track infections (95% CI 0.08-0.46, P=0.0002) after a one year follow-up. For clinical results, grip strength (95% CI 1.59-8.25, P=0.004), supination (95% CI 13.99-48.83, P=0.0004) and pronation (95% CI 5.61-26.09, P=0.002) were superior in the internal fixation group six weeks postoperatively, and the same results were obtained three months postoperatively for grip strength (95% CI 3.21-13.47, P=0.001) and supination (95% CI 3.61-16.01, P=0.002).
Introduction
Distal radius fractures are common orthopaedic injuries and account for approximately 1/6-1/4 [1] of clinical emergency fractures. Improper treatment results in chronic wrist pain and stiffness, seriously affecting hand function. When a distal radius fracture occurs, it contributes to considerable disability, increased dependence for the injured patient and causes a major challenge for health care systems. Therapeutic alternatives for distal radius fractures differ greatly throughout the world but mainly include internal (IF) and external (EF) fixation. Open reduction and internal fixation (ORIF) in our ten eligible randomised controlled trials [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] was performed with a precontoured, locked radial column or volar plate. However, in some trials, for the best possible stabilisation, some additional augmentation strategies were applied, including the use of additional Kirschner (K) wires, bone graft or bone substitute [2, 3, 5, 6, 8, 10, 11] in the IF group. In the trials studied, EF mainly consisted of bridging external fixator, also with the use of adjunctive K wires, bone graft or bone substitute for the best possible stabilisation [2] [3] [4] [5] [6] [7] [8] [9] ; fixators and percutaneous pins were removed between five and six weeks after surgery. However, whether IF or EF is more appropriate for distal radius fractures is still debated. IF offers a better reduction and can reduce the total complication and pintrack infection rates. However, some authors favour EF because it creates less surgical trauma and reduces operation time. Kateros et al. [12] believe the long-term clinical results between IF and EF are comparable. A number of clinical studies comparing IF with EF have been undertaken. They include randomised controlled trials (RCTs), observational studies and systematic reviews. Some other meta-analyses [13] [14] [15] have also been conducted to compare IF with EF. However, there are few RCTs included in these systematic reviews or that present results published after 2005. We addressed these issues by conducting an upto-date meta-analysis of RCTs published to June 2010. The purpose was to evaluate clinical results comparing IF with EF, including comparison of complication rate, clinical results and radiological outcomes. It is hoped that the findings will improve our understanding of the treatment for unstable distal radius fractures.
Materials and methods

Inclusion and exclusion criteria
We included only studies meeting the following criteria: RCTs comparing IF with EF; Arbeitsgemeinshaft für Osteosynthesefragen (AO) type A-C3 fractures or Frykman type I-VIII fractures impossible to reduce or retain in an acceptable position in a cast after closed reduction; skeletally mature patients; patients with an unstable distal radius fracture of <14 days or axial compression >2 mm; dorsal angulation >20°; reported clinical outcomes, such as complication, clinical results, radiological outcomes and Disabilities of the Arm, Shoulder and Hand (DASH) score; patients who had received oral and written information and signed an informed consent. All studies included patients having appropriate therapy for the first time. Trials were excluded if patients had the following conditions: fracture of the contralateral side or other fracture in need of treatment; open fracture; ongoing radiotherapy or chemotherapy; metabolic disease affecting the bone; medication affecting the bone.
Search strategy
According to guidelines from the Cochrane collaboration [16] , we searched PubMed (1996 to June 2010); Cochrane Library (1996 to June 2010); EMBASE (1996 to June 2010); BIOSIS (1996 to June 2010); and Ovid. The following keywords were used: distal radial fracture, internal fixation, external fixation; the type of articles was limited to RCTs; publication language was restricted to English. We also examined the reference lists of eligible studies for potentially relevant reports and searched for references in the Cochrane Central Register of Controlled Trials.
Study review
Titles and abstracts were reviewed independently by two of the authors; all relevant articles were then retrieved and read to determine eligibility. A flow chart of the study selection process [17] is presented in Fig. 1 
Data extraction
All relevant data that met the initial inclusion criteria were extracted independently by two of the authors. Disagreement was resolved by discussion. We sought the following summary data from each study: (1) information on general characteristics of participants; (2) postoperative complications (total complication rate, pin-track infection, rupture of extensor tendons, carpal tunnel syndromes, etc.); (3) clinical results (flexion, extension, pronation, supination, DASH score, etc.); (4) radiological outcomes (radial length, radial inclination, volar tilt, ulnar variance).
Statistical analysis
We used a fixed-effects model in the meta-analysis unless there was significant heterogeneity between studies, when we used the random-effects model of DerSimonian and Laird. Trial heterogeneity was estimated using the I 2 statistic, complying with Quality of Reporting of MetaAnalyses (QUOROM) guidelines [18] , which describes the percentage of total variation across studies that is due to heterogeneity rather than chance. I 2 can be readily calculated from basic results obtained from a typical metaanalysis as I 2 =100% x(Q -df)/Q, where Q is Cochrane's heterogeneity statistic and df is the degrees of freedom [19] . Substantial heterogeneity exists when I 2 >50%. Dichotomous data are presented as relative risk (RR) and continuous variables as weighted mean difference (WMD), both with 95% confidence intervals (CI). Subgroup analyses were carried out according to the different postoperative times in order to assess clinical results and radiological outcomes between the IF and EF groups. Publication bias was tested by funnel plots. The metaanalysis was performed by RevMan5.0.25 software (Cochrane Collaboration, Oxford, UK) for outcome measures; a P value of <0.05 was considered statistically significant.
Study quality evaluation
Two reviewers independently graded each RCT using the modified Jadad scale [20] , an eight-item scale designed to assess randomisation, blinding, withdrawals/dropouts, inclusion/exclusion criteria, adverse effects and statistical analysis and is presented in Table 1 . The score for each article can range from 0 (lowest quality) to 8 (highest quality). Scores of 4-8 represent good to excellent (high quality) and 0 to 3 poor or low quality.
Sensitivity analysis
Sensitivity analysis was used to assess the robustness of results, whether decisions were uncertain or assumption about data and methods used [21] . To analyse the sensitivity of our study, some studies were excluded because they were of low quality (had a quality score of ≤3), as they might have weakened the conclusions.
Publication bias analysis
For the purpose of assessing publication bias, funnel plots based on studies was graphed. Egger's test [22] was performed by the SAS statistical software package (SAS Institute Inc, Cary, NC, USA version 9.1.3).
Results
Literature search
There were 1,556 potentially relevant papers. By screening the title then reading the abstract and the entire article, ten published studies with a total of 738 patients met all inclusion criteria and proved eligible for this investigation [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Table 2 provides a summary of the studies, author, year of publication, patient age range, sample size, followup period, single or multiple centre study and Jadad scores.
Meta-analysis of complications
The ten eligible studies that reported a total of 738 patients provided information on total surgical complications after one year follow-up. Results are presented in Fig. 2 . The pooled result showed a reduced risk of surgical complications with IF in comparison with EF, which was statistically significant (95% CI 0.39-0.81, P=0.002). Table 3 shows that for all surgical complications except for pin-track infection, there were no statistically significant differences between IF and EF (P >0.05). Eight trials reported the number of patients with pintrack infection. For IF, there were 4 /337 patients with pin-track infection; for EF, there were 28/337 patients. IF substantially reduced the risk of pin-track infection (95% CI 0.08-0.46, P= 0.0002), as shown in Fig. 3 
Meta-analysis of radiological outcomes Table 4 shows radiological outcomes comparing IF with EF at six weeks, three months and one year postoperatively. Meta-analysis showed that radial inclination (95% CI 0.08-4.52, P=0.04) and ulnar variance were superior for IF than for EF three months postoperatively. However, there were no significant differences between groups at six weeks and after one year.
Meta-analysis of clinical results
Figures 4 and 5 show forest plots of grip strength and DASH score at six weeks, three months and one year of follow-up; Table 5 . Grip strength (95% CI 1.59-8.25, P=0.004), supination (95% CI 13.99-48.83, P=0.0004), radial deviation (95% CI 4.08-11.57, P < 0.0001), ulnar deviation (95% CI 5.71-16.89, P < 0.0001) and pronation (95% CI 5.61-26.09, P=0.002) were superior in the IF group six weeks postoperatively, and similar results were obtained at three months for grip strength (95% CI 3.21-13.47, P=0.001), supination (95% CI 3.61-16.01, P=0.002) and pinch strength (95% CI 4.50-19.55, P=0.002). Meanwhile, the DASH score was superior in the IF group at three months (95% CI −20.62 to −2.07, P=0.02) and one year (95% CI −14.37 to −2.32, P= 0.007).
Sensitivity analysis
Sensitivity analysis revealed that with low-quality (Jadad score <3) studies excluded, the summary OR, 95% CIs and P values for total complications and pin-track infections (as these were outcomes most studies included in the meta-analysis) were still similar to the results before they were excluded, as presented in Table 6 , indicating that the results of our study are reliable and believable.
Publication bias analysis Figure 6 shows the funnel plot based on studies with data on total complications (as this was the outcome that most studies included in their meta-analysis), which is symmetrical, and indicates that our study is not subject to this bias. Also Egger's test provides the same outcome (P=0.8599).
Discussion
Meta-analysis of RCTs is generally considered to provide the strongest evidence of clinical interventions [23] and has more advantages than observational research studies and single randomised trials. Observational research studies, regardless of the integrity and care with which they are conducted, are open to bias, and single randomised trials are often limited by relatively small sample sizes and resulting imprecision in the estimates of treatment effects. In our meta-analysis, we included the only ten eligible RCTs according to explicit inclusion criteria and believe our results to be valid. Nevertheless, there are limitations to meta-analysis. One is that of publication bias. Insofar as funnel plots could show, our study is not subject to this [24] of patients aged ≥35 years with Colles' fracture at six centres in the UK for a period of one year reported the overall incidence of this fracture to be 9/10,000 in men and 37/10,000 in women. Therefore, although there may be effect modification due to mean age and proportion of women, we could not determine this from available data. According to the best estimates from our meta-analysis, IF reduced the incidence of total surgical complications and pin-track infections after one year of follow-up. Pin-track infection in the IF group results from the use of adjunctive K wires to attain the best possible stabilisation [8] .
Infections are often associated with open pin sites [14] . Pin loosening also was responsible for the higher risk of pin-track infection. The number of complications for the palmar locking-plate fixation ranged from 0% to 10% [25, 26] . Schmelzer-Schmied [27] also considered it was better than that of external fixation. However, the incidence of extensor pollicis longus rupture was higher after IF, possibly because the hardware lies in direct contact with the extensor tendons [28] [29] [30] . Dobretz [31] reported this complication in up to 12% of cases when using the palmar locking plate.
With regard to grip strength, we used a fixed-effects model in the meta-analysis. There was no significant heterogeneity between studies (I 2 <50%), as shown in Fig. 4 . Our pooled results showed that grip strength, values of which are given as the percentage of the value for the uninjured side, was superior in the IF group at six weeks and three months postoperatively. For DASH score, the random-effects model was used, and significant heterogeneity existed (I 2 >50%), as shown in Fig. 5 . DASH score was superior in the IF group at three months and one year follow-up. The better clinical results with IF in our study may be due to the higher rigidity of the fixation, which enables faster rehabilitation. Regardless of the method of reduction and stabilisation, early restoration of wrist function is the goal of treatment for distal radius fractures [32] .
Radiographic outcomes, the given values of which were compared with those for the contralateral extremity, may affect functional outcome [33, 34] . It is the surgeon's goal to restore the distal radius to its normal anatomical alignment and congruity. How accurately this is achieved can be measured from radiographs by comparing volar tilt angle, radial inclination etc. with published normal values [34] [35] [36] [37] . In our study, radial inclination and ulnar variance were superior in the IF group three months postoperatively.
In summary, we suggest that the final results are significant and that there is some evidence supporting the use of ORIF, although not enough for use in most decisions necessary in managing distal radius fractures. Limitations remain, and results need to be further verified by more high-quality trials. For better results, we need to more carefully consider issues of long-term outcomes and intraoperative and preoperative factors and report them in a reliable, consistent and standardised manner. 
